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This PaPor doscribas ●ethods, In tht form of ● handbook ●nd fivo
Compulxr Codot, that cm be used for ●ir cloanlng syctom design ●nd
●ccident analysis. ?our of tho codas war. dovolopod primarily ●t tho
Loa Almos National Labo~atory, ●nd on. vat dmmlopod in ?ranco.
Tools ●ch as thooa ●ro mod to doalgn ventilation ●ystoms in the
mining lndustcy but do not ●om to b. commonly used in tho nuclear
Industry. For ●xmplo, tho Wuclmr Air Claaning Eiandbook la ● ●x-
collont design roforonco, but It fails to inuludo information on aom-
putar codos that can b. uaod to aid in tho doaign procoao. Thorn.
computor aodos allow tho ●nalyst to us. tho handbook information to
form ●ll the ●lomonts of a atimploto

w “’”n”Bocauso thoso ●nalysiu ●ethods ●ra n tho fozm of oomputor
ccdos . they ●now tho analyst to Invostlgato many ●ltornativo da-
signs. In ●ddition, tho ●ffocts of many ●ccldant ●mnarioe on tho
oporatlon of tho ●ir cloanlng system can b. ●valuated. Thaso tool-
originally woro intended for ●acidont ●nalysia. but they havo baon
used ●ostly au domlgn tools by sovoral aruhitoct-.onginoarlng firm.

Th@ Cray, VAX, and pormonal aomputor Versions of tho uodoo, ●n
●ccident ●nalysis handbook. and tho codom’ ●vailability will ha dia-
cuamad . Tho ●pplication of those codas to ●voral doaign operations
of nuclear faeilitloa will b. Illustrated, and their uao to ●nalyza
tho tffoct of ●ovoral ●acidant saonarioa ●lso will b. doscribod.

Ventilation and air claanlng ●ystom oan ba highly aomplloatod
and lnvolvo ●any Intoroonnoctod flow pathways, room, flow uontroi-
lora, filters, ●nd blowort. Th@ flow arrangomont may uao pazallel
●nd sorios ●ystams, soparata supply ●nd ●xhaust ●ystom, roairaula-
tion, ●nd mskoup ●ir. Heating, vontllating, ●nd ●ir oonditionlng
(WAC) analyats ●nd dosigcors aro capabla of doslgning a highly aom-
pliuatod ventilation ●yatom. Howovor, tho vontilatlon and ●ir aloan-
ing tyotoma for nuclear faallitios roquiro spoaial doslgn aonsid@ra-
tiona ●nd ●ust b. ●nalyzed for tho ●ffoctm of hypothmtiaal auaidcnt
●ituationo.

Tha ‘Nuclear Air Cleaning Handbook” providos information of ●pa-
aial iator~mt to dasignors of nuuloar ●lr uloaning Syatoms.(1) Tho
possibility of ●nd uoncorn for aauidonts ●ob ●s ●arthquakoa, torna-
doa, firoa. ●nd ●ploaiona aro disausaod, but no ●ethods, ●ra offorod
to ●nalyza tho witiro ventilation ●yttom for thoso ●oaidant condi-
tions. u. bcliavo that thorc ●ro ●nalytical tool- in tho form of
handbooka ●nd oomputor uodma that will ●now vontllation syatom
daslgnocs and ●afoty ●nalysts to ~orform tha noaosmary ●ouidont ●f-
Cout oaloulationa. ?urthar, thoro 1s ao mason why tho ●t~ady-stat~
portions of tha uomputor aodos oould not bt usad to ●ld tho doaignar
in d,t~rmining tha praamuroa, flovo, ●nd tomporatucaa throughout tho
ventilation ●yatom. In ●ddition, thoto aodos would ●now tho do-
signor to ●xamint many ●ltornativo ●rrangomonta ●nd ●baystoma.
Perhaps tha btmt part of that. ●thods Is that tho ●nalyst than uan
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us. tho same codoe to ●valuato tho potential effacta of hypothetical
●ccidants on the system design. In othor words, both tho systam
design ●nd the safety ●nalyci~ could be performed In psrallel.

W. will descrlbo several computer codes that ● re ●vailablo to
perform both design ●nd safety ●nalyses. Several examples of appli-
cations of those codes will b. illustrated.

Computer codes that have boon developod at the Los Alamos
National Laboratory and ● t tho Com.missariate ● l’Energie Atomique
(CEA) in France will be described. All of these codes require ●

steady-state or normal operatin~ condition calculation. This part
of the ●nalysia can be used by designers to verify designs or ●xam-
ine ●lternative once. The transient calculation- performed by the
codos ● ro optional and ● re ●specially developed to simulate large
pres8ure ●urges, ●xplosions, ●nd fires. The codos ● re presented
●ccording to which ●ccidents they ● re dosignad to model.

TOEAC Is ● n Improvod version of the WENT computer code, which
was daveloped ● t Los Alamos. (3) There ● re three basic difforonces
botwaon WENT ●nd TOEAC:

● ●aterial transport capability,
● blowors can b. turned on ●nd off. and
● dampers can b. controlled with ●n ●rbitrary time function.
The TORAc code can ●odel largo prossuro ●urges or simulato the

●ffect. of ● tornado deprossurization ● t the inlat ●nd ●xhaust points
of ● ventilation systou. Tho capability to modify tho ●ffacts of
blowsrs ●nd dampers within tho system gives tha dosignor a tool to
●xamino ●ltornativo syttm dosigna, .ff*cts of ●quipmont failure,
●nd multiple damper control points.

The ●aterial transport ●mpocts of tho COCI*8r@ very basic.
That is, only tho concoction, gravitational cottling, ●ntrainment,
●nd flltor doplation mechanisms ● ro modolod. Tho complox intor-
●ctlona botwoon matorlal SPOCIOS and within ●aterial SPOCIOS aro not
modolod. ~EAC ●nd WENT ●ro availabls from tha National lSnorgy
Softwaro Csntor (NE6C). CDC 7600 ●nd CRAYversions ● ro ●vailable.

Wo Los Alamos codos can b. used to @lnulato ●xplosious within
●ir aloaning systems. EVEN’M4 Simulatts %ho gas dynasics of ● n ●x-
plosion: EXPAC ●dds ●aterial tran-port to tho calculation. Tho ●x-
plomion codas aro ● oro complioatod than tho TORAC eodo bocauso ● ora
do.ailed data ● ro noodod to uomploto tho ualaulation. Liko TORAC,
thtao aodos ●lso obtain tto flow, promsuraa, tad tompo~aturos in ●

normal opormting uondition bofort any translont ualoulations ● ro por-
formcd. Thoso cod.. can ualculato tho propagating ●ffects of solid
or gaaooua tXplO#iOnS within ● n ●ir elOaning ● stem or through ●ny
●ir pathway. BVENT84 ●nd EXPAC OUrrOntly ● ro I ●ing vorificd by 88-
loetod ●xporlmontal studios. XVENT84 is availablo from tho NE8C, but
tho EXPAC uodo 1. still under dovolopmont. CDC 7600 ●nd CRAY ver-
sions ● ro ●vailable.



Two computor codas havo boon dovalopod to simulato tho ●ffocts
of fires within nuclear facility air cleaning systomc. On. was do-
volopod at CBA snd is named PIAF. It was dovolopod to study tha ro-
●ponsaa of ventilation networks to mochanlcal or thermal porturba-
tiona.

Using tho PIAF cod. to ●odol ●echanical ●ymtoms in fucilitios
has provon useful bocauso It can ldontify wonts that aro af safety
concorn ●nd quantify tho possiblo damago within tho facility. A
●toady-mtata analyais of a large ventilation natwark im doscribad in
Eof. 6. A soparato paper describing tho PIAP nodollng of tho vonti-
latlon ntitwork oporatlon is to b. prosantod ● t this confaronco. This
codo’s availability Is unknown.

A second cod. to slmulato fir. conditions was dovolopod by
Los AlaBos. This cod. is named FIRAC ●nd soon will b. availablo from
NEsc . It has boon modifiod to run on a personal computor. CRAY,
VAX, ●nd CDC 7600 versions aro ●vailable. FIRAC includes material
transport ●nd ucos ● burn raom ●odal dovolopod by Battollo Pacific
Northwost Laboratories. ?ho code usos tho basic gas dynamics avail-
●ble in WENT04 but ●dds heat transfer from tho cystom ductwork.
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An accident ●nalysis handbook hat boon dovoloped to ●ssist safe-
ty ●nhlyats in modoling and analyzing nuclear facilities.(6) Tho ● B-
phasig has boon placed on fuel cyclo facilitlos, but othor facilities
also cun b. ●odelod. The handbook contains information on fual cyclo
oporatlons and procoscos ●s WO1. ● s msthods to dovolop radloactivo
sourco terms for fir. and ●xplosion ●vents. Modollng tochniquos,
●any samplo probloms, and information on how to us. particular coB-
putor cod~s are ●lso included. Thic handbook is availablo in draft
form from tho Nuclear Regulatory Commission ●nd uurrontly is being
roviaod for final form. (A completion date of Octobor 1986 is
planned. )
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An ●xampl, of ● doslgn simulation ueing on. of tho TVENT codas
involvoa dotormining tho ●ffoot of ● rociroulation blowor shutting
off and tho ●ffoct on roou koy prossurao whs~ tho main supply blowmr
S1OWZdown.(9) A study of thoso situations ●nd ti].ir ●ffoots on part
of tho Los Alhmoc Plutonium Prooossing Fauillty ● rt roportod in
Bof. 9. Tho rasults of this study showod that loss of tho roolroula-
tion blowor did not havo a significant ●ffoct on tho ovtrall ●ystom
prassurosm (A 10t slowdown in tho ●ain supply blowor uausod ● ●harp
reduction in uorridor and oompartmont prossuraa. ) This information
●llovod tho ●nalyst to identify uortain control dampers te aontrol
largo prassuro fluctuations. Thoso ualuulations oould ●id in tho de-
sign of ths system ●nd tho plaaonont of aystom controllo~a.

A souond dtsign simulation Involvos using tho FIEAC uodo to aiB-
ultto tht oporatlon of ● proposod radloautivo wasto Inuintrator. In
this oaoo, tho FIRAC results woro not tho sam. ● s tho doaign (bocauso
of a laok of ●xtonmivo design data) but woro within a roasonabla



rang.. u~ing FIRAC in parallel with tht incinerator design can pre-
vent design flaw- that could ●ppear when ● safety analysis 1s por-
formod ●fter the incinerator is constructed.

The design simulation of tho incinorstor diacussod ●bove can be
used to illustrate how ● n ●ccident ●nalysis can be porformod in par-
●llel with the design phase. In this case, we ●xamlnod tho possibil-
ity of an Inadvertent injection of ● n ●xplosiva ■ixturo into the py-
rolysis chanbor of the incinerator. In this ●ccident ●conario, w.
havo ●ssumed that ● containor of 100 cm3 of toluono is Insortod into
tho procoss llno. After porformiog the ●nalysis to dotermlne the
●ffocts of this scenario. we found that ● positivo pressuso is cro-
●tod in the pyrolysis and combustion chambers. This ●ccldont anal-
ysis scenario shows that ● positivo prossuro In tho pyrolysis and
combustion chsmbors causes ~ flow reversal through tho pyrolysis and
combustion inlet ●ir paths. Tharofore, protective dovlcos would have
to b. dosignod into the system to provont a radioactive roloaso to
tho ●tmosphoro when the incinerator chambers overprassurizo. A 9@c-
ond ●ccident scanario alao waa ●xaminod. This involvod failure of
tht ●xhaust blower for tho syetom. Again, this caused ● pressure in-
craaso in tho incinerator chambora.

In Ref. 6, ● n ●ccident ●nalysis using tho P2AF aomputor code is
doscribod. Th@ report dlscussos ●valuations of th~ tffocts of 8 9-kg
●nd ● 26-kg fir. in glovaboxos. Tho effects of CO1l tomporatura,
pronsurt, ●xhauct flow rat., and filter prosmuro drop aro dotorminod
In thoso calculations. Future modifications to tht cod. will includo
●erosol reloact calculations.

W. hava doacribod ●nalysis methods that can b. uoad in tha
design and accident *valuation of nuclaar ventilation and air cl@an-
ing systams. Application- of thase ●nalytical methods, in the form
af conp~t.r cods, ara glvon for both danign ●nd ●ccident ●nalynia.
Four of thoso computor uodos havo bo~n dovolopod by Los Alamo-, but
on. uodo dovolopod in ?ranuo ●lso Is Uiscuasod. WQ fotl that futuro
●ditlona of tho Nuclaar Air Cleaning Wndbook could bonofit gr~atly
if a uhapter is dovotod to us. of ●nalytical methods that bring th.
●ntiro nuulosr air cleaning ~vot~ togothor for ●nalysis. Evaluutlon
of tho ayaton ● s ● whole for both deuign ●ffoctivonosa ●nd ●ccldont
●nalysis could load to nor. ●ffiuiont and safer designs.
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